Beclin-1 • MiR-30a-5p • Small cell lung cancer • Chemoresistance • Autophagy Abstract Background/Aims: Although small cell lung cancer (SCLC) is sensitive to initial chemotherapy, patients experience tumor recurrence and metastasis, leading to treatment failure. Autophagy as a protective pattern for cell survival in the harsh environment plays an important role in chemoresistance. However, the role of Beclin-1, a key regulator of autophagy in the drugresistance of SCLC cells is still poorly understood. In the current study, we focused on the effect and regulation of Beclin-1 in chemoresistance of SCLC cells. Methods: We analyzed the levels of Beclin-1 in etoposide/cisplatin (EP) -resistant and -sensitive cell lines, as well as the relationship between Beclin-1 and patients' chemosensitivity. The function of Beclin-1 in chemoresistant SCLC cells in vitro was measured by MTT, WB, colony formation and flow cytometric analysis. Further rescue experiment was performed after co-transfected with siBeclin-1 and miR-30a mimics or inhibitor. Results: Beclin-1 was upregulated in drug-resistant cells and patients with lower sensitivity to etoposide/cisplatin therapy. Downregulated Beclin-1 attenuated drug sensitivity and colony formation ability of chemoresistant cells. Moreover, inhibition of Beclin-1 resulted in a dramatic decline of autophagy and increase of apoptosis in drug-resistant cells, accompanied by a remarkable reduction in S phase and a raise in G2/M phase of cell cycle. The transfection with miR-30a-5p mimics exhibited an opposite effect. In addition, inhibition of Beclin-1 could partly reverse the effect induced by miR-30a-5p suppression in drug-sensitive cells. Conclusion: Beclin-1 regulated by miR-30a-5p plays a notable role in the drug-resistance of SCLC. Inhibition of Beclin-1 by induction of miR30a-5p may improve the therapeutic outcome via resensitizing the drug-resistant cells to chemotherapy in SCLC.
Introduction
SCLC is a special type of lung cancer with higher malignancy, more aggressive, and earlier occurrence of metastasis [1] . The combination of etoposide (VP16) combined with cisplatin (DDP) is the first-line chemotherapy for SCLC, which often has to confront drug resistance [2] . Furthermore, the effect of secondary chemotherapy is unsatisfactory, as no effective standard treatment strategy for recurrent SCLC has been established [3] . Although there were some clinical studies on the use of targeted receptor tyrosine kinase (RTK) in the treatment of recurrent SCLC, the disclosed results were far less than being expected [4, 5] . The reason for the failure may be that the proliferation of SCLC is not dependent on these RTKs, and the pathogenesis and driving genes of SCLC are still uncertain [6] . Therefore, the generation of resistance to chemotherapy is the primary obstacle to the clinical efficacy of SCLC patients.
Mechanism of chemoresistance includes diversity factors including: regulation of multidrug resistance protein family, cell apoptosis pathway, autophagy, intracellular drug metabolizing enzyme system, tumor stem cells, miRNA regulation network, homeostasis changes, DNA damage repair and other epigenetic regulations [7] . Autophagy, which is particularly activated in condition of metabolic stress, is a process of degradation and homeostatic cellular recycling of unnecessary or dysfunctional cytoplasmic components for energy utilization in all living cells [8, 9] . Dysregulation of autophagy is common among a wide range of cancers and presents to be a novel mechanism for enhancing current anticancer treatments and overcoming chemotherapy resistance [10, 11] . Therefore, the recent studies have pay special attention to the mechanisms of autophagy underlying chemo-resistance, revealing the potential role of autophagy as a novel treatment strategy for anticancer therapy [12] .
Beclin-1 is the first autophagy related protein found in mammals, which plays an important role in the activation of autophagy and the regulation of multiple cellular signaling pathways of tumor [13] . Beclin-1 can combine with anti-apoptotic protein Bcl-2, thus inducing apoptosis. Besides, Beclin-1 has 3 domains which can interact with and constitute multiple regulatory pathways (Beclin-1-PI3KC3-Vpsl5 and Beclin-1-Bcl-2/Bcl-XL), and thereby regulates the development of tumors [14] . The expression level of Beclin-1 was found to be dysregulated and related to the clinical prognostic in divers types of cancer [15, 16] . Moreover, Beclin-1 was upregulated after cisplatin treatment, resulting in enhanced activity of autophagy and drug-resistance to treatment [17] . The relationship between Beclin-1, autophagy and antitumor drugs is very complicated, remaining to be clarified.
MicroRNA is a class of noncoding RNA with about 20-25 nucleotides in length, which is a negative regulator of target genes at the post transcriptional level and is widely involved in cell growth, proliferation, differentiation and apoptosis [18, 19] . More and more abnormal expressed miRNAs in different tumors have been reported. Consequently, miRNA involved in many aspects of tumorigenesis including proliferation, invasion and metastasis, is considered to play versatile role of oncogenes or tumor suppressor genes [20] [21] [22] . Therefore, miRNA can be used as a potential and effective target for the diagnosis and treatment of a variety of tumors. In addition, the role of miRNA in the diagnosis and treatment of cancer provides a new strategy in the field of cancer therapy [23, 24] .
Our previous studies have shown that drug-resistant SCLC cell lines Letp/EP and H446/ EP have multidrug resistance. Compared with their parental cell lines, VP16/DDP-resistant SCLC cell H446/EP exhibited an increased autophagic activity, which was partly regulated by miR-24/ATG4A axis and played a pro-survival role to deteriorate therapeutic outcomes [25] . However, the expression status and therapeutic clinical roles of Beclin-1-dependent autophagy remain to be defined. This study aimed to identify the Beclin-1 involved in the formation of SCLC resistance phenotype and expression and clinical significance of it. Furthermore, overexpressed miR-30a-5p resulted in downregulated Beclin-1 and reinforced efficiency of VP16/DDP chemotherapy. The study is the first to confirm that miR-30a-5p/ Immunohistochemistry Paraffin-embedded SCLC specimens were cut into 4-µm sections and deparaffinized. The sections were incubated at 4˚C with anti-Beclin-1 rabbit antibody (ab62557, 1:100; Abcam, Inc., Cambridge, UK) overnight for staining. The secondary antibody (Dako Real Envision HRP K5007; Dako Denmark A/S, Glostrup, Denmark) was employed for 30 minutes at room temperature according to the protocol. The sections were independently evaluated and scored by two pathologists who were blinded to the patients' clinical data. Discordant cases were appraised by a consultation and a consensus was reached. The intensity of cell staining was scored as either 0, unstained; 1, weakly stained; 2, medium intensity; or 3, strongly stained. The proportion of cells expressing Beclin-1 was scored as follows: 0 (no expression), 1 (0-25%), 2 (26-50%), or 3 (>50%). The intensity score and proportion score were multiplied to calculate the total score, which was then divided into no/low expression (≤6) and high expression (>6).
Cell lines and cell culture
Human small cell lung cancer H446 and Letp cells were obtained from the Tumor Cell Bank of the Chinese Academy of Medical Science (Shanghai, China) and cultured in RPMI 1640 medium containing 10% fetal bovine serum and ampicillin and streptomycin at 37˚C in a humidified atmosphere of 5% CO 2 . The VP16/DDP resistant cells (H446/EP and Letp/EP) were established and preserved in a final concentration of 1 μg/ml VP16 and 0.8 μg/ml DDP.
SiRNA and transfection
Beclin-1 and control siRNAs were purchased from Keygentec. miR-30a-5p inhibitor (AmiR-30a-5p) and miR-30a-5p mimics (PmiR-30a-5p) were provided by Keygentec. Relative sequences: siBeclin-1: F:GGUCUAAGACGUCCAACAATT, R:UUGUUGGACGUCUUAGACCTT; siRNA-control: F:UUCUCCGAACGUGUC ACGUTT, R:ACGUGACACGUUCGGAGAATT; PmiR-30a-5p: F:UGUAAACAU CCUCGACUGGAAG, R:CUUCCAGUCGAGGAUGUUUACA; AmiR-30a-5p: CU UCCAGUCGAGGAUGUUUACA. Cells were transfected with siRNAs using Lipofectamine 3000 (Invitrogen, USA), according to the manufacturer's protocol. The cells were analyzed for 48 hours after transfection according to the manufacturer's instruction. Following transfection, cells were collected at 48h for further experiments.
qRT-PCR Total RNAs were extracted from the cultured cells with Trizol (Invitrogen) Reagent following the manufacturer's protocol. EZ geneTM Gel/PCR Ex Kit (Biomiga, USA) was used to detect mRNA. Quantitative PCR amplifications were performed on ROCHE LightCycler480II, in 20μl volumes containing 10μl of 2×SYBR Green PCR MasterMix. The thermal profile for real-time PCR was: 95°C for 5 min; followed by 40 Western blot analysis Protein was extracted from the cultured cells with RIPA lysis buffer on ice. Protein concentration was determined using a Braford protein assay kit (Keygentec, China), and the proteins were separated on SDS-PAGE, and then transferred to a PVDF membrane. The membrane blots were immersed in a primary antibody of anti-Beclin-1 rabbit antibody (ab62557, 1:100; Abcam, Inc., Cambridge, UK). After incubation with horseradish hydrogen peroxide-conjugated second antibody (Dako Real Envision HRP K5007; Dako Denmark A/S, Glostrup, Denmark), G:BOX chemiXR5 system was applied to visualize the protein antigen.
MTT assay
The cell growth and viability of the SCLC cell lines were assessed by using a MTT assay. Approximately 5, 000 cells/well were seeded in a 96-well plate with different drug concentrations. The MTT assay was performed on days 1-3. After incubation, 20 µl of 5 mg/ml MTT was added to each well, followed by incubation for 4 hour. After discarding the medium carefully, formazan crystals were dissolved in 150 µl dimethyl sulfoxide. Absorbance values at 490 nm were normalized to the percentage survival. Each experiment was accomplished in triplicate. Dose-response curves were plotted and the half maximal inhibitory concentration (IC 50) of each chemo-drug was estimated from this standard curve.
Apoptosis assay
Cell apoptosis was evaluated by using an Annexin V/FITC-PI apoptosis detection kit (Invitrogen life technologies, USA) which quantitatively measured percentage of early apoptotic cells via flow cytometry, following the manufacturer's instructions.
Colony formation assay
Cells were exposed to referred treatments, and then seed into 6-well plates. Cells were then allowed to adhere and grow for about 10 to 14 d, followed by fixing with methanol and staining with 0.1% crystal violet. Colonies with ≥50 cells were manually counted under a dissection microscope.
Luciferase Assay
Cells were seeded into a 96-well plate and cultured for 24h. The pmirGLO reporter gene plasmids (pmirGLO-control, pmirGLO-Beclin1-3'UTR or pmirGLO-Beclin1-mut-3'UTR) were co-transfected with miR-NC mimic or miR-30a mimic (Keygentec, China) into the cells using Lipofectamine 3000 reagent (Invitrogen, USA). Luciferase activity was measured 48 hours after transfection using the SpectraMax M3 Luciferase Assay System (Molecular Devices, USA), following the manufacturer's instructions.
Statistical analysis
All data were presented as mean ± SD of ≥ 3 separate experiments. Statistical analyses were performed using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). Multiple group comparisons were analyzed with oneway ANOVA; 2-group comparisons were performed by Student's t test. The patient survival by miR-30a-5p levels were analyzed with Kaplan-Meier curves. P < 0.05 was considered to indicate a statistically significant difference.
Results

Beclin-1 was differently expressed in EP-resistant and sensitive cells
In the previous study, we established EP-resistant SCLC cell line H446/EP, which exhibited higher level of autophagy than the parental cell line H446, via continuous exposure to increasing concentration of VP16 combined with DDP [25] . To test whether the mechanism of chemo-resistance on autophagy was cell type-specific, we established another EP-resistant SCLC cell line Letp/EP through the same procedure. A MTT assay was conducted to evaluate sensitivities of both cell types to these two chemotherapy agents. The IC50 values of VP16 were 14.67μg/ml and 92.31μg/ml in Letp and Letp/EP, respectively; while the values of DDP were 1.53μg/ml and 10.62μg/ml, respectively (Fig. 1A) . We then estimated autophagic activity in Letp/EP. Western blot analysis showed an increase of LC3-Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry 
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II/LC3-I ratio and a decrease of P62 level, two selective markers of enhanced autophagy in Letp/EP cell, compared with Letp cell (Fig.  1B) . To determine whether Beclin-1, a key autophagy associated protein, participated in the formation of drug-resistance in SCLC, the expression of Beclin-1 in SCLC cell lines was detected. Both of mRNA and protein expression of Beclin-1 markedly increased in H446/EP and Letp/EP cells (Fig. 1C, D) .
Moreover, western blot analysis showed that VP16/DDP treatment led to a dose-and timedependent increase in the expression levels of Becclin-1 (Fig. 1E, F) .
Beclin-1 was upregulated in the EPresistant SCLC tissues compared with the EP-sensitive SCLC tissues
A total of 92 Chinese patients diagnosed with SCLC were retrospectively enrolled. 54 cases who received EP treatment were divided into ''sensitive'' (complete or partial response, CR+PR) and ''resistant'' (stable or progressive disease, SD+PD) groups based on the response to the EP regimen chemotherapy. The clinicopathological characteristics of patients were shown in Table 1 . The expression of Beclin-1 was detected by immunohistochemistry and the levels of expression in tissues were evaluated via the multiplication of proportion score and intensity score (Fig. 1G) . Beclin-1 was significantly upregulated in the EP-resistant group (n=22) compared with the EP-sensitive group (n=32) (Fig. 1H) . When the samples were divided into two groups according to the expression level of Beclin-1, 27 cases were found to be sensitive to chemotherapy form the 35 cases of low Beclin-1 (77.14%), while 5 cases were found to be sensitive from the 19 cases of high Beclin-1 expression (26.31%), and the patient ratio of sensitive cases in the latter was significantly lower than the former (Fig. 1I) .
Beclin-1 repression reversed the in vitro chemoresistance of SCLC cells
To determine the role of Beclin-1 involved in the SCLC cells, small interfering RNA (siRNA) against Beclin-1 of different sequences were transfected into Letp/EP and H446/ EP cells. 48 h after transfection, qRT-PCR confirmed the inhibitory efficiency of all sequences ( Fig. 2A) . Western blot was conducted to validate the inhibitory efficiency of the chosen sequence (Fig. 2B) .
To further confirm the effects of Beclin-1 on regulating the chemo-sensibility of SCLC cells, siRNA-control or siBeclin-1 were transfected into Letp/EP and H446/EP cells, and the IC50 values of VP16 or DDP were measured by MTT assay. The IC50 values of VP16 (or DDP) in Letp/EP/siBeclin-1 or H446/EP/siBeclin-1 cells were significantly decreased (P < 0.01) compared with those in control cells. (Fig. 2C) .
Meanwhile, downregulation of Beclin-1 dramatically abrogated the autophagy activity of Letp/EP and H446/EP cell lines (Fig. 2D) . Similarly, downregulation of Beclin-1 greatly reduced the colony formation capacities of Letp/EP and H446/EP cell lines (Fig. 2E) . Moreover, flow cytometric assay was performed to assess cell apoptosis and cell cycle. The apoptosis rate of Letp/EP and Letp/EP/siRNA-control cell lines were (4.71±0.61) % and (5.36±0.59) %, which were raised to (13.01±1.13) % after being transfected with siBeclin-1; the apoptosis rate of H446/EP and H446/EP/siRNA-control cell lines were (10.77±0.58) % and Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry (9.68±0.68)%, which were raised to (16.06±1.10)% after being transfected with siBeclin-1 (Fig. 2F) . Cell cycle analysis revealed that downregulation of Beclin-1 significantly increased the percentage of cells in G2/M phase in Letp/EP and H446/EP cells (Fig. 2G) . Collectively, suppression of Beclin-1 could reverse the in vitro chemoresistance which was accompanied by elevated autophagic activity in SCLC cells.
Beclin-1-dependent autophagy in SCLC was directly regulated by miR-30a-5p
Having identified Beclin-1 as furtherance of SCLC progression, we became interested in identifying which miRNA might regulate Beclin-1 in SCLC. To elucidate the mechanisms by which Beclin-1 dependent autophagy was regulated, prediction of binding between miRNA To determine whether Beclin-1 was regulated by miR30a-5p through direct binding to the 3'UTR region of Beclin-1, the Beclin-1-3'UTR was inserted into a luciferase reporter vector. Transfection of miR30a-5p mimics (PmiR-30a-5p) or miRNA mimics control (PmiR-NC), along with wild-type Beclin-1-3'UTR, into HEK293, Letp/EP and H446/EP cells led to a great decrease in luciferase activity compared with the co-transfection of mutant Beclin-1-3'UTR (Fig. 3C, D) . We certificated Beclin-1 levels in SCLC cells after regulating miR-30a-5p expression. Overexpression of miR-30a-5p in H446/EP and Letp/EP cells using PmiR-30a-5p decreased Beclin-1 expression, while miR-30a inhibitor (AmiR-30a) showed the opposite effect on Beclin-1 expression in H446 and Letp cells (Fig. 3E, F, and G) .
In order to verify the effect of miR-30a-5p on autophagy in SCLC cells, AmiR-30a-5p was transfected into Letp and H446 cells. Western blot analysis of LC3 and P62 showed a notable enhanced autophagic activity along with the downregulation of miR-30a-5p induced by AmiR-30a-5p in SCLC cells (Fig. 3H) .
MiR-30a-5p contributed to chemoresistance of SCLC cells partially in an Beclin-1-dependent manner
To determine the effects of miR-30a-5p in modulating the chemoresistance in SCLC cells, we inhibited upregulated miR-30a-5p by transfecting AmiRNA in Letp and H446 cells or overexpressed downregulated miR30a-5p by transfecting PmiRNA in Letp/EP and H446/ EP cells, whose expression patterns were verified by qRT-PCR (Fig.4 A, B) , and then drug sensibility was tested by MTT assay. The IC50 values of VP16 or DDP were measured by MTT assay. The IC50 values of VP16 (or DDP) in Letp/AmiR-30a-5p or H446/ AmiR-30a-5p cells significantly increased (P < 0.01) compared with those in control cells. Nevertheless, the resistant effects could be partially suppressed by siBeclin-1 (Fig. 4C) . However, cotransfection with PmiR-30a-5p and siBeclin-1, the IC50 values of Letp/EP and H446/EP cells for VP16/DDP were not significantly different from those of transfected with PmiR-30a-5p or siBeclin-1 separately (Fig. 4D) .
To further verify that miR-30a-5p regulates autophagy by directly repressing Beclin-1 in SCLC cells, we performed rescue experiments through Beclin-1 downexpression. Autophagy induced by AmiR-30a-5p was repressed after co-transfection with siBeclin-1 in Letp and H446 cells; while downregulated Beclin-1 could not further attenuate autophagy inhibited by PmiR-30a in Letp/EP and H446/EP cells (Fig. 4E, F) . Similarly, overexpression of Beclin-1 evidently reduced the colony formation capacities of Letp/EP and H446/EP cells (Fig. 4G) .
Furthermore, flow cytometric assay was conducted to elucidate cell apoptosis and cell cycle. The apoptosis rates of Letp and H446 cells co-transfected with AmiR-30a-5p and siBeclin-1 were (9.78±0.48) % and (8.09±0.85) %, which were partly reversed compared with that of transfected with AmiR-30a-5p; Nevertheless, co-transfected with siBeclin-1 could not boost cell apoptosis induced by PmiR-30a-5p (Fig. 4H, I ). Cell cycle analysis indicated that upregulation of miR-30a significantly increased the percentage of cells in G0/ G1 phase in Letp/EP and H446/EP cells (Fig. 4J) . Therefore, miR-30a-5p contributed to in vitro chemoresistance of SCLC cells, at least partially in a Beclin-1-dependent manner.
Discussion
Lung cancer is one of the most common malignant tumors with the highest mortality in the world [27] . In recent years, the clinical treatment strategy of lung cancer, especially NSCLC, has been greatly improved and enriched with the development of driving genes and relevant targeted therapies. However, standardized cytotoxic anticancer drug therapy is still the cornerstone of the tumor treatment strategy, in both NSCLC and SCLC [28] . In the therapeutic process of EGFR-TKI treatment, 3-15% of NSCLC cases appear to transform histopathologically to SCLC [29] . Recurrence of the tumor will often be resistant to drugs with different molecular structure and anti-cancer mechanism. That is called multidrug resistance (MDR), a kind of self-protection of tumor cells against a variety of antitumor drugs, leading Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry to more than 90% failure in the treatment [30] . The mechanism underlying the formation of chemotherapy resistance phenotype remains unclear, for the reason of individual differences in the tumor patients in the aspects of clinical manifestation, prognosis, treatment response and tolerance, as well as the interaction among the various types of chemotherapy drugs. In our previous study, VP16/DDP-resistant cell line H446/EP exhibited obvious abnormality of autophagy associated with tumor chemoresistance in SCLC.
Beclin-1, as the core molecules in autophagy regulation by forming complexes with multiple proteins, was originally identified as an interacting protein with Bcl-2 [31] [32] [33] . The inhibition of apoptosis by Beclin-1 may exert through the interaction with Bcl-2, and the interaction with Beclin-1 did not make Bcl-2 lose its antiapoptotic potential [34] . Beclin-1 gene heterozygous mice showed severe autophagy defects and tumor susceptible phenotype [35] . Knocking down Beclin-1 or using chloroquine, could further promote the apoptosis induced by the JAK2/STAT3 inhibitor [36] . Further research demonstrated that downregulation of Beclin-1 and upregulation of Bcl-XL were associated with high degree of malignancy and poor prognosis in hepatocellular carcinoma [37] . Therefore, Beclin-1 played a decisive role in autophagy and apoptosis, and could be conducted as a target for cancer therapy [38] . In this study, Beclin-1 was evidently overexpressed in drug-resistant cells, consistent with in clinical cases. Besides, Beclin-1 was gradually elevated along with the concentration increased or time extension of anticancer drugs. Further downregulating Beclin-1 resensitized drug-resistant cells to chemotherapy via inhibiting autophagy and inducing apoptosis.
In individualized treatment, miRNAs could be used to predict the invasion and the response to anticancer drug therapy [39, 40] . Using bioinformatics methods combining with miRNA array, we screened out miR30a-5p, the pivotal miRNA regulating the expression of Beclin-1, for further study on its effect in drug-resistance of SCLC cells. As a member of miRNA, miR-30a-5p has been reported to inhibit the cell proliferation, invasion, migration and autophagy in some types of tumors [41, 42] . However, miR-30a-5p acted as oncogene because of different target genes in other tumors [43] . Furthermore, the expression level of miR-30a-5p in chemoresistant ovarian cancer cells was significantly higher than that in the sensitive cells, and was involved in the formation of drug-resistant phenotype [44] . Although miR-30a-5p has been verified to play a regulatory role in the development and progression of a variety of tumors, its role in the formation of drug-resistant phenotype in SCLC is unclear. We clarified that inhibition of autophagy by induced overexpression of miR-30a-5p helps to resensitize SCLC cells to VP16/DDP therapy.
Altogether, the expression of Beclin-1 in SCLC and its relationship with clinicopathological features and chemotherapeutic response were analyzed, and the role of abnormal regulation of miR-30a-5p/Beclin-1 signaling axis in the chemotherapy resistance of SCLC cells was investigated. It would provide a novel data and strategies for reversing the drug resistance and clinical individualized treatment of SCLC. However, resistance to chemotherapy is a complicated dynamic phenomenon and the processes of apoptosis and autophagy are transformative under different conditions and in various periods, hence the exact mechanism of cell death remains to be elucidated. Whether miR-30a-5p has other downstream target genes involved in the formation of chemoresistance in SCLC is uncertain. Further research is needed to provide theoretical basis for exploring effective biomarkers and therapeutic targets for personalized therapy.
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